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Watershed Monitoring & Assessment
Where
• Inland rivers & streams of Ohio (1980 – present)
• Intensive rotating basin approach, watershed design
• 100-300 mi2 study areas; large river mainstems
What
• Fish, macroinvertebrates, physical habitat
• Water quality, sediment chemistry, fish tissue
• Other assessment tools added as needed
Why

Support water quality management needs, i.e., WQS, 
Permits, NPS, Planning, TMDLs at the watershed scale

•

• Determine status of Ohio's aquatic resources at the 
watershed scale (303d); aggregate “up” for 305b



Ohio EPA Macroinvertebrate Methods:  Field Ohio EPA Macroinvertebrate Methods:  Field 
ProceduresProcedures

Artificial Substrates are Set for a Artificial Substrates are Set for a 
Six-Week Exposure (July - September Six-Week Exposure (July - September 
Index Period)Index Period)

Artificial Substrates are Set for a Artificial Substrates are Set for a 
Six-Week Exposure (July - September Six-Week Exposure (July - September 
Index Period)Index Period)

Artificial Substrates are Placed in Artificial Substrates are Placed in 
Run Habitat With Constant CurrentRun Habitat With Constant Current

The Artificial Substrates are The Artificial Substrates are 
Retrieved, Preserved, and Returned Retrieved, Preserved, and Returned 
to the Laboratory for Processingto the Laboratory for Processing

A Qualitative Dip Net/Hand Pick A Qualitative Dip Net/Hand Pick 
Method is Used to Supplement the Method is Used to Supplement the 
Artificial Substrates or as a Stand Artificial Substrates or as a Stand 
Alone EvaluationAlone Evaluation



Wading/Headwater MethodsWading/Headwater Methods

Small to Large River Small to Large River 
Boat MethodsBoat MethodsOhio R.Ohio R.

Lake Erie Lake Erie 
NearshoreNearshore

4 WD 4 WD 
Vehicle Vehicle 

with with 
WinchWinch

Wading Methods -Wading Methods -
Effort is Effort is 
Standardized by Standardized by 
Distance SampledDistance Sampled

Boat Methods -Boat Methods -
Logistics Can Be Logistics Can Be 
IntensiveIntensive

All Samples are All Samples are 
Processed in the FieldProcessed in the Field

Ohio EPA Fish Assemblage Methods:  Field ProceduresOhio EPA Fish Assemblage Methods:  Field Procedures



Ohio EPA Chemical/Physical Field ProceduresOhio EPA Chemical/Physical Field Procedures

Water column grab samplingWater column grab sampling Depth integrated samplerDepth integrated sampler

Automatic composite samplersAutomatic composite samplers Time-of-travel dye injectionTime-of-travel dye injection
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Rotating basin approach 

Ohio EPA 5-Year 
Basin Approach 
for Monitoring & 
Assessment

•
for determining annual 
monitoring activities.

• Initially correlated with
NPDES permit cycle.

• Supports annual WQS 
use designation rule-
making process (UAAs).

• Aligned with 15-year 
TMDL schedule in 1998.

• Systematic application
of monitoring tools.



Five-Year Basin 
Approach to Monitoring 

& Assessment

Ohio EPA Assessment
& Reporting Process:  
Five-Year Basin Approach

AMBIENT SAMPLING 
(Biological, Chemical/ 

Physical, Habitat, Sediment)

DATA ANALYSIS 
(Incorporating field, effluent, 

GIS, spills, kills, other 
source information)

Other 
Useable 
Data**

Planning & Prioritzation 
(Identify Information Needs)

TECHNICAL 
ASSESSMENT (Detailed 
analysis & summary of 

status/trends throughout 
watershed)

** - Must meet Data Quality Objectives per Ohio EPA 5-Year Monitoring Strategy





Functional Support Provided by Annual 
Rotating Basin Assessments

Individual 
Basin 

Assessment

Watershed 
Specific Issues

Permit 
Development

Waterbody 
System (305b)

WQS/Use 
Attainability 

Analyses

NPDES 
Permits

305b Report 
Statistics

303d List of 
Impaired/Threat-

ened Waters

Annual
WQS Rule 
Revisions

Permit 
Defense/

Fact Sheets

• TMDL develop-
ment
• Local water-
shed groups
• 319 projects
• 404/401 dredge 
& fill permits
• Problem 
discovery
• Special 
Investigations

Goals 
Tracking

(GPRA, State 
Specific)

Enforcement
Support



Design
Watershed

Survey 

Collect
Water

Quality Data

Assess
Waterbodies

Develop
Restoration

Targets

Select
Restoration 

Scenario

Prepare
Implement-
ation Plan

Identify
Target

Conditions

Implement
TMDL

(inside OEPA)

Submit
TMDL
Report

Examine
readily
available data

Gather
additional data
as needed

Analyze data

Define goals

Select causes
of concern

Identify and
locate sources
of causes

Determine
geographic
scope

Identify
stakeholder
involvement

Annual
Validation
Activities

VALIDATION PHASE

ASSESSMENT PHASE

DEVELOPMENT PHASE

IMPLEMENTATION PHASE

Overview of the Ohio TMDL Project Process

1 2 3 4 5 6 7 8 9 10 11

18 months

12 months

18 months

Ongoing

Examine
internal
information

Examine
external
information

Complete
study plan
design

Collect and
compile
ambient data
(internal) for
waterbody
assessment

Evaluate
ambient data
(external)

Determine
impairments
by designated
use

Determine
causes and
sources of
impairments or
threats

Complete
TMDL
support
documents

Decide on
calculation
method

Determine
existing load

Determine
desired load

Identify needed
reduction

Decide how
Ohio EPA
authority will be
used

Generate
example 
restoration
scenarios

Prepare
TMDL report

Discuss
scenarios w/
stakeholders;
generate other
options

Develop
decision
criteria

Screen
scenarios to
select best
option

Verify that 
scenario
achieves
reduction

12

Describe
actions

Develop
schedule

Develop list of
reasonable
assurances

Identify legal
authorities

Estimate time
to attain WQS

Develop
monitoring
plan

Establish
measurable
milestones

Decide re-
open process

Ohio EPA
legal and
management
review

Ohio EPA
management
review and
signoff

Public notice,
meeting(s),
respond to
comments

Revise report
as needed

Submit report
to U.S. EPA

Identify
implementing
parties

Incorporate
actions into 
priorities

Identify
resources for
actions

Identify
resources for
tracking

Do the work

Have WQS
Been

Achieved?

Implement
TMDL

(outside OEPA)

Provide info
for WQMP
revision

Verify
implementing
parties
willingness to
proceed

Incorporate
implementation
plans into 
other agency
priorities

Quality Improvement Process

Continuously evaluate process

Evaluate effectiveness of technical decisions made on project

De-list or 
re-list

Numbers on chart correspond to detailed task lists contained in Appendix B

Input
assessment
results to
303(d) listing
process

Validate
control
actions

implementedValidate
stressor
reduction

Validate water
quality status
or 
re-open TMDL

Verify monitoring plan

Finalize
allocations

Adjust work
plans



Sugar Creek Subbasin:  
Example of Geometric 
Site Selection Process

• Support 15 yr. TMDL development
schedule beginning in 1998

• Increased miles of assessed
streams and rivers annually

• Resolve undesignated streams
• Close 305b/303d listing gaps

• Generate broader database for  
development of improved tools

• Standardized biological, chemical, 
and physical tools and indicators 

• Augmented by 5-year basin 
approach database (1980-1997)

• More comprehensive coverage 
of small streams (<5-10 mi2
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Sugar Creek Subbasin:  
Results of Geometric 
Design Assessment

•TMDL development scale:  11 digit
HUC units, 328 statewide

• Degree and severity of impairment
then determined with biocriteria

• Supports prioritization ranking
• More focused targeting of restora-

tion activities
• Local stakeholder “buy in”
enhanced by scale of focus

• Watershed assessment results
initially support UAA process

• Mainstem rivers <500 mi2 treated 
separately

• Causal associations determined 
via integrated analysis process



Livestock Impacts Mine Drainage Impacts

Fecal Bacteria Sulfates

Minimum
Median
Maximum

102 103 104 105

Sugar Ck (42.8)
L.Sugar Ck (4.2)

W.Br.L.Sugar (1.0)
N.Fk.Sugar Ck (5.4)

M.Fk.Sugar Ck (12.3)
Crabapple Ck (2.9)

Elm Run (1.7)
S.Fk.Sugar Ck (21.1)
E.Br.S.Fk.Sug. (5.5)

Walnut Ck (7.9)
Goose Ck (0.3)

Indian Trail (6.4)
Broad Run (2.8)

Brandywine Ck (0.2)
Sugar Ck (40.2)

L.Sugar Ck (0.8)
N.Fk.Sugar Ck (3.1)

M.Fk.Sugar Ck (10.3)
Crabapple Ck (0.3)

S.Fk.Sugar Ck (19.0)
E.Br.S.Fk.Sug. (5.0)

Walnut Ck (6.4)
Indian Trail (2.6)
Broad Run (0.2)
Sugar Ck (38.1)

M.Fk.Sugar Ck (7.9)
S.Fk.Sugar Ck (15.3)
E.Br.S.Fk.Sug. (1.7)

Walnut Ck (4.5)
Sugar Ck (34.6)

M.Fk.Sugar Ck (1.7)
S.Fk.Sugar Ck (13.3)

Walnut Ck (0.6)
Sugar Ck (23.0)

S.Fk.Sugar Ck (6.4)
Sugar Ck (12.0)

Sugar Ck (0.6)

Fecal Coliform Bacteria (#/100 ml)

5.6 mi2

11 mi2

22 mi2

44 mi2

89 mi2

EOLP

WAP

EOLP

WAP

WAP

EOLP

EOLP

EOLP

WAP

WAP
178 mi2

356 mi2 WAP
WAP

Median WWH
IBI Value

Primary/Secondary
Contact Recreation

Minimum
Median
Maximum

Sugar Ck (42.8)
L.Sugar Ck (4.2)

W.Br.L.Sugar (1.0)
N.Fk.Sugar Ck (5.4)

M.Fk.Sugar Ck (12.3)
Crabapple Ck (2.9)

Elm Run (1.7)
S.Fk.Sugar Ck (21.1)
E.Br.S.Fk.Sug. (5.5)

Walnut Ck (7.9)
Goose Ck (0.3)

Indian Trail (6.4)
Broad Run (2.8)

Brandywine Ck (0.2)
Sugar Ck (40.2)
L.Sugar Ck (0.8)

N.Fk.Sugar Ck (3.1)
M.Fk.Sugar Ck (10.3)

Crabapple Ck (0.3)
S.Fk.Sugar Ck (19.0)
E.Br.S.Fk.Sug. (5.0)

Walnut Ck (6.4)
Indian Trail (2.6)
Broad Run (0.2)
Sugar Ck (38.1)

M.Fk.Sugar Ck (7.9)
S.Fk.Sugar Ck (15.3)
E.Br.S.Fk.Sug. (1.7)

Walnut Ck (4.5)
Sugar Ck (34.6)

M.Fk.Sugar Ck (1.7)
S.Fk.Sugar Ck (13.3)

Walnut Ck (0.6)
Sugar Ck (23.0)

S.Fk.Sugar Ck (6.4)
Sugar Ck (12.0)

Sugar Ck (0.6)

0 2 1024 1026 1028 1021 10
Total Sulfates (mg/l)

5.6 mi2

11 mi2

22 mi2

44 mi2

89 mi2

EOLP

WAP

EOLP
WAP

WAP

EOLP

EOLP

EOLP

WAP

WAP
178 mi2

356 mi2 WAP
WAP

Median - 75% WWH
IBI Range



USING BIOASSESSMENTS TO DESCRIBE WATERSHED 
HEALTH

The Stillwater 
R. is classified 
and attains 
exceptional 
status (EWH) 
in the larger 
mainstem.

The cumulative effects of hydro-
modification, riparian encroachment, 
and nutrient enrichment are associated 
with widespread impairment in the 
upper Stillwater and all of the Wabash 
subbasins.
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CAFOs and Habitat: Cumulative Impacts

Fecal Bacteria Total Phosphorus

Minimum
Median
Maximum

102 103 104 105 106

Wabash R (504.5)
Bear Ck (1.8)
Fort Ck (0.1)

Crab Branch (0.5)
Barnes Ck (0.5)

L.Chickasaw Ck (2.2)
Chickasaw Ck (6.5)

E.Fk.Chickasaw (0.2)
Prairie Ck (1.5)

Burntwood Ck (3.0)
Hardin Ck (1.0)
L.Bear Ck (0.1)
Prairie Ck (3.1)
Hickory Br (0.3)

Mississinewa (114.2)
Gray Br (3.2)

Bear Ck (0.01)
Toti Ck (2.2)

Stony Ck (0.1)
L.Chickasaw Ck (1.0)

Beaver Ck (4.5)
Coldwater Ck (5.2)

Prairie Ck (0.1)
Big Run (0.1)
Gray Br (0.6)

Wabash R (502.2)
Toti Ck (0.2)

Chickasaw Ck (5.2)
Beaver Ck (3.5)

Coldwater Ck (2.3)
L.Beaver Ck (4.6)

Mississinewa (111.5)
Wabash R (494.3)

Chickasaw Ck (1.4)
Beaver Ck (0.7)

Coldwater Ck (0.4)
Mississinewa (108.5)

Wabash R (489.9)
Grand Lake 

Wabash R (480.0)
Beaver Ck (10.4)

Beaver Ck (2.6)
Wabash R (466.1)

Fecal Coliform Bacteria (#/100 ml)

5 mi2

80 mi2

320 mi2

8 mi2

40 mi2

160 mi2

20 mi2

10 mi2

Median WWH
IBI Value

Primary/Secondary
Contact Recreation

Minimum
Median
Maximum

0.49 0.98 1.5 2

Wabash R (504.5)
Bear Ck (1.8)
Fort Ck (0.1)

Crab Branch (0.5)
Barnes Ck (0.5)

L.Chickasaw Ck (2.2)
Chickasaw Ck (5.4)

E.Fk.Chickasaw (0.2)
Prairie Ck (1.5)

Burntwood Ck (3.0)
Hardin Ck (1.0)
L.Bear Ck (0.1)
Prairie Ck (3.1)
Hickory Br (0.3)

Mississinewa (114.2)
Gray Br (3.2)

Bear Ck (0.01)
Toti Ck (2.2)

Stony Ck (0.1)
L.Chickasaw Ck (1.0)

Beaver Ck (4.5)
Coldwater Ck (5.2)

Prairie Ck (0.1)
Big Run (0.1)
Gray Br (0.6)

Wabash R (502.2)
Toti Ck (0.2)

Chickasaw Ck (4.2)
Beaver Ck (3.5)

Coldwater Ck (2.3)
L.Beaver Ck (4.6)

Mississinewa (111.5)
Wabash R (494.3)

Chickasaw Ck (1.4)
Beaver Ck (0.7)

Coldwater Ck (0.4)
Mississinewa (108.5)

Wabash R (489.9)
Grand Lake (?)

Wabash R (480.0)
Beaver Ck (10.4)

Beaver Ck (2.6)
Wabash R (466.1)

Total Phosphorus (mg/l)

5 mi2

10 mi2

20 mi2

MDL=0.05

Median - 75%ile WWH
IBI Range

80 mi2

320 mi2

8 mi2

40 mi2

160 mi2



The cumulative effects of 
habitat degradation and 
its associated 
consequences are 
frequently exported into 
downstream reaches 
resulting in reduced 
goods and services.

An example is the effect of 
headwater stream habitat on 
nutrient exports such as 
total phosphorus.  The 
reduced ability of degraded 
systems to process and 
sequester nutrients can have 
downstream consequences.
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Duck Creek;
Little Muskingum Cr

Watersheds
Wabash River
Watershed

Auglaize River
Watershed
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Cumulative Frequency Plots
REMAP and Intensive Survey Data
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Benefits of Geometric Site 
Selection Process 

• Organizes watershed issues in proportion 
to the occurrence of resource types

• Corresponds to local scale of 
management and implementation 

• Prioritization can account for severity and 
extent of impairments and threats 

• Resolve UAA and impairment 
assignments prior to TMDL development 


